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A B S T R A C T  

The object of t h i s  task was t o  evaluate the chemical residue 

l e f t  on the CMlM hardware a f t e r  bioassay, 

were found from the three l iqu id  methods, swabbing, r insing and 

washing. The washing method a l so  l e f t  the detergent "Tween 80" 

detected by u l t rav io le t  radiation fluorescence when combined 

with phosphine 3R.  

Peptone deposits 

The two so l id  methods, l i f t -o f f  tape and rodacing, l e f t  residuals 

on the hardware which were removable w i t h  organic solvents. 

The rodacing method did not  leave residual chloride. 

The peptone residue was considered the l e a s t  desirable from a 

biological  burden point of view. 

of a biological  burden problem than peptone. 

"Tween 80" is considered l e s s  
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I. INTRODUCTION 

To determine what e f f ec t s  bio-assay procedures might have on space- 

c r a f t  hardware materials, a study w a s  made of the residuals l e f t  

by the  assay process. 

performed by a combination of chemical and physical techniques. 

brief theore t ica l  evaluation w a s  made of the possible e f f e c t s  

produced by the residuals when found present. 

The determination of chemical res iduals  w a s  

A 

The f ive  methods of bio-assaying surfaces examined were: 

1. Cotton Swabbing 

2. Rodacing 

3. Washing 

4. Rinsing 

5. Lift-off Tape 

The methods used t o  determine residual  deposits were: 

f i l t e r  paper t ransfer  technique, s t r i p s  of Whatman #3 f i l t e r  paper 

were moistened w i t h  water, pressed against  the assayed surface removed, and 

then sprayed w i t h  ninhydrin solution'. 

d i r ec t  spraying of the  CMTM,or equivalent surface with ninhydrin. 

The ninhydrin examination was s t r i c t l y  qua l i ta t ive  f o r  amino acids,  

short  chain polypeptides and peptones. (2) Residual water was 

determined by the use of t h e  Karl Fischer reagent2. 

was only qua l i ta t ive  due t o  the differences i n  materials and t h e i r  

(1) Peptone- 

An a l t e rna te  choice w a s  the 

This  method a l so  
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a b i l i t y  t o  sequester free water. 

the  use of s i l v e r  n i t r a t e  (AgNO ) 3  aqueous solut ion.  

detected by W ac t iva t ion  of a fluorescent indicator ,  ethidium bro- 

mide (EB), which was incorporated i n t o  the  agar. 

"Tween 80" was determind by phosphine 3R 

w i t h  the  f a t t y  aciri portion of "Tween 80". 

(3) Chlorides were " t i t r a t ed"  by 

( 4 )  Agar was 3 

(5)  Detergent, 

4 (a dye) which complexes 

T I .  EXPERIMENTAL PLANS 

Surfaces of the CMTM or equivalent aluminum a l loy ,  s t a i n l e s s  steel  

a l loy  and p l a s t i c  surfaces were t rea ted  w i t h  the  Bio-assay techniques 

described i n  the i n t  duction. Some subassemblies t h a t  contained the  

three materials t o  be tes ted were (1) t h e  Rocket Motor (covered with 

p l a s t i c ) ,  

less steel a l loy ) ,  and (4)  the Impact L i m i t e r  ( p l a s t i c  covered). 

(2) t h e  Aeroshell (aluminum a l loy ) ,  (3) the  Bay Mounts ( s ta in-  

A study was made t o  qua l i ta t ive ly  determine the composition of resi- 

dues deposited on CMTM or  equivalent surfaces by surface Bio-assay 

m e t h ~ 6 s .  

niques was investigated. 

Giily siir-f~ce cheitiicai con'tamination due t o  assaying tecn- 

111. MATERIALS AND METHODS 

A .  The surfaces selected for examination were: (1) the Aeroshell, 

(aluminum surface) ,  

Impact L i m i t e r ,  ( 3 )  the  Rocket Motor ( f iberg lass ) ,  (4) the  

Mamon Clamp (s ta in less  steel), 

(2) the  plast ic-costed (balsa wood b a l l )  

(5) t he  Bay Edges ( s t a in l e s s  
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B. 

s t e e l ) ,  and (6) the Upperbay Canister (aluminum surface) .  Each 

area selected was div ided ' in to  control and t e s t  area.  No area 

was less than 2 i n .  2 , since these tests were qua l i t a t ive ,  sample 

area would have minimal  e f f e c t  on t h e  r e su l t s .  The selected areas  

were then cleaned: f i r s t  with an Alconox solut ion,  rinsed w i t h  

t a p  water ( 3 )  times, then rinsed (3 )  t i m e s  with d i s t i l l e d  water, 

then with isopropylalcohol  and f i n a l l y  w i t h  d ie thyl  e ther  i f  

so required. 

Swab T e s t  

The assay area was designated "T" f o r  test and "C" f o r  control. 

W assay ( f o r  cotton f i b e r s ) ,  Karl Fischer Assay ( f o r  water),  

and the ninhydrin reaction ( f o r  peptone) were performed. 

1. The surfaces assayed were swabbed according t o  the 

Preliminary NASA Standard Procedures f o r  the Microbiological 

avuiuation or' Spacecraft Hardware'. 
r; 

-.- _I 

2. The swabbed areas were a i r -dr ied .  

3. The surfaces were then wiped w i t h  a clean f lannel  cloth,  

moistened w i t h  ethanol. 

- 3- 



4. Peptone Residual Determination 

S t r ip s  of f i l t c r  paper moistened with d i s t i l l ed  water 

were applied t o  the swabbed surfaces. 

w a s  then removed, sprayed w i t h  ninhydrin and heated i n  a 

drying oven " t o  develop" the  color of the  ninhydrin- 

amino ac id  complex. The presence of peptone w a s  indi-  

cated by a violet-colored spot on the f i l t e r  paper. 

The f i l t e r  paper 

- Note: The ninhydrin t e s t  can be performed by d i r ec t ly  

spraying the surface w i t h  ninhydrin, thus avoiding 

the  use of f i l t e r  paper t r a n s f e r  ( i f  p rac t ica l ) .  

5. Residual Water Determinations 

Karl Fischer reagent was applied t o  the  swabbed surface 

after it was air-dr ied.  

change from a brownish-black color t o  co lor less , i f  water i s  

present. 

The Karl Fischer reagent w i l l  

6. Cotton residue determinations. 

The assayed areas were surveyed w i t h  a black l i g h t  (W 

source). 

sham by an intense blue-white fluorescence. 

The presence of res idua l  cotton f i b e r s  would be 

C. Rinsing T e s t  

Each appropriately marked area  w a s  assayed f o r  peptone, 

(ninhydrin) and residual water ( ~ a r l  Fischer Reagent). 

-4 -  



1. The area t o  be assayed was rinsed with 1% steri le peptone 

water, allowed t o  air-dry,  and then wiped w i t h  a f lannel  

c lo th  moistened with ethanol. 

a. The tests f o r  res idual  peptone were performed a s  

described i n  Sections C,  4 and 5 .  

D. Washing Test 

Each appropriately marked area w a s  assayed with the  Karl Fischer 

reagent f o r  water, with Phosphine 3R t o  determine the  presence of 

"Tween 80" and w i t h  ninhydrin t o  determine the presence of pep- 

tone r e  s idua l  . 
1. 

2. 

3. 

4. 

5. 

6 .  

The surfaces assayed were washed with peptone water plus 

"Tween 80" detergent (0.1%) . 
The surfaces were allowed t o  air-dry. 

Assays f o r  residual peptone and water were car r ied  out as 

described i n  Sections C, 4 and 5 .  

An ethanolic t inc ture  0.1% of Phosphine 3R was prepared. 

The t i nc tu re  was applied t o  the surface, allowed t o  remain 

on f o r  30 seconds t o  1 minute and then b lo t t ed  dry with 

Whatman #3 f i l t e r  paper. 

The surface was then examined w i t h  a W l i g h t  f o r  f luores- 

cence (light-green). If a "Tween 80" residue w a s  present, 

fluorescence was observed. 

-5- 



E. Rodacing Test Areas 

Each appropriately marked area w a s  analyzed under W l i g h t  t o  

detect  the presence of ethidium-agar complex, which i s  indica- 

t i v e  of an agar residue on the  surface. Rodac t e s t e d  areas were 

a l so  assayed w i t h  a 0.lM silver n i t r a t e  solut ion f o r  the  detec- 

t i o n  of the chloride ion (C1 ) , with the  K a r l  Fischer reagent 

f o r  res idual  water and w:l 3 the  ninhydrin t e s t  f o r  peptone. 

- 

1. After  t h e  surface was bio-assayed with the  rodac p l a t e ,  it 

w a s  wiped down with a f lannel  c lo th  moistened with ethanol, 

and examined f o r  the following residuals :  

a. Agar - a W l i g h t  was used t o  determine i f  res idua l  

agar was present. The residual  ethidium-agar cmplex 

w i l l  give a red fluorescence when excited w i t h  W. 

b. Chloride ion  - t he  moistened f i l t e r  paper technique 

as described i n  sect ion C w a s  used except that ninhydrin 

spray w a s  replaced by a 0.l.M AgNO3 spray. 

(1) If chloride w a s  present, a black spot of A g C 1  

appeared. 

(2) If no black p rec ip i t a t e  of AgCl was noted, the  

test area was i r r ad ia t ed  with u l t r a v i o l e t  l i g h t  

a s  a fur ther  check. 

t he  degradation of AgCl t o  elemental Ago, which 

yields a black deposit. 

Ul t rav io le t  l i g h t  causes 
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F. Lift-off Tape Test Areas 

Each appropriately marked and cleaned area was analyzed for 

the adhesive material by testing for an ethidium-adhesive 

complex residue. 

solution of ethidium bromide prior to use and allowed to drain 

free of the excess moisture before use. 

The tape was moistened with a 1s aqueous 

1. The lift-off tape was applied to the surface to be assayed 

and then removed, 

2. "he assayed surface was then examined with an ultraviolet 

light for ethidium fluorescence (red). 

G o  Double Surface Masking Tape 

A double surface masking tape which will be used to apply bio- 

assay coupons to CMTM surfaces was also evaluated using the 

same technique as in"F" . The tape was applied to stainless 
steel and aluminum surfaces and was dry sterilized at 125%. 

for 24 hours, to stimulate terminal sterilization. 

1. The tape was removed and the surfaces evaluated for residual 

adhesive via the fluorescence technique. 

IV. RESULTS (See Figure 1 for compilation of D8ta on Data Recording Form. ) 

A. Sensitivity Levels 
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FIGURE 1 - DATA RECORDING FORM 

- 
1. SWAB TECHNIQUE (air-dried1 

a. W 

b. KARL FISCHER 

c. NINHYDRIN 

COTIY)N 

(-1 

2. RINSING TECHNIQUE (air-dried) 

PEPTONE 

(+> a. NINHYDRIN 

b. KARL FISCHER 

3. WASHING TECHNIQUE (air-dried) 

WATER 

a. KARL FISCHER ( -1 
b. NINHYDRIN 

c. W 

4. RODACING TECHNIQUES (air-dried) 

AGAR 

a. W R e d ( + )  White 

b. AgN03 

c .  KARL FISCHER 

5 .  L I F T - O F F  TAPE TECHNIQUE ( a i r - d r i e d )  

ADHESIVE 

R e d ( + )  White 8 .  W 

b. KARL FISCHER 

WATER PEPTONE 

C o l o r l e s s  (-) Black 

C o l o r ( + )  C o l o r l e s s  

WATER 

PEPTONE 

(+> 

HALQGEN 

DETERGEWT 

PHOSPHINE 3 R  
Fluor 

WATER 

Black (-)White 

WATER 

(-1 
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E. 

1. 

2.  

3. 

4.  

5 .  

6 .  

The ninhydrin t e s t  f o r  peptone a s  applied i n  t h i s  study 

could de tec t  approximately 2.5 X gms of peptone. 

The s i l v e r  n i t r a t e  t e s t  f o r  chloride ions  a s  applied i n  

t h i s  study could de tec t  approximately 1 X gms of 

chloride ion.  

The phosphine 3R t es t  f o r  "Tween 80" as  applied i n  t h i s  

study could detect  approximately 1 X gms of "Tween 80". 

The ethidium bromide t e s t  f o r  agar a s  applied i n  t h i s  

study could detect  approximately gms. of agar. 

The Karl Fischer t e s t  f o r  res idual  water a s  applied i n  

t h i s  study could de tec t  approximately ws. of water. 

The u l t r av io l e t  test f o r  detection of cotton f i b e r  a s  

applied i n  th i s  study could detec t  cotton fibers which 

were bare ly  v i s ib l e  t o  the naked eyejor visible t o  the 

l i m i t  of v i sua l  acuity.  

Swzbbisg *s%s 

1. A l l  surfaces assayed f o r  peptone gave a posi t ive reaction 

f o r  peptone. 

2. A l l  surfaces assayed f o r  cotton f i b e r s  were negative. 

3. A l l  surfaces assayed f o r  res idual  water, when compared t o  

the controls, were considered negative. 

-9- 
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C. Rinsing Tests 

1. A l l  surfaces assayed f o r  peptone gave a posi t ive reaction 

fo r  peptone. 

2. All surfaces assayed f o r  res idua l  waterjw-hen compared to  

-the controls, were considered negative,  

D. Washing Tests 

1. A l l  surfaces assayed f o r  peptone gave a posi t ive reaction 

f o r  peptone. 

2. A l l  surfaces assayed for  res idua l  water when compared t o  

the control  were considered negative. 

3. A l l  surfaces assayed f o r  "Tween 80" (sorbitan monooleate) 

were posi t ive f o r  "Tween 80". 

E. Lift-off Tapes and Double Back Masking Tape Tests 

1. A l l  surfaces assayed f o r  the adhesives of l i f t -o f f  tapes 

and double back masking tape were pos i t ive .  

2. Approximately 75% or more of the adhesive residual  could 

be removed when the surface was vigorously wiped w i t h  a 

f lannel  c lo th  moistened w i t h  ethanol.  

3. When vigorously wiping the assayed surface with a f lannel  

-10- 



V. 

c lo th  moistened with diethyl  e ther  o r  acetone, approximately 

95% o r  more of the residual adhesive i s  removed. 

F. Rodac Tests 

1. A l l  surfaces assayed f o r  peptone yielded a posi t ive peptone 

reaction. 

2. A l l  surfaces assayed f o r  residual water were considered 

negative when compared t o  the  control. 

3. All surfaces assayed f o r  free chloride ion were considered 

negative when compared t o  the control. 

Section) 

(See Discussion 

4. A l l  surfaces assayed f o r  res idual  agar yields  a posi t ive 

agar reaction. 

DISCUSSION 

A l l  the  bio-assay procedures evaluated i n  t h i s  study appear t o  leave 

a residual of assay material on the surface assayed. 

residuals could produce problems i f  they were l e f t  on f l i g h t  hardware. 

Some of these 

Peptones, fo r  example, left  by rinsing, washing, rodacing or  swabbing 

could present a corrosion and/or microbial control problem. 

example, the amino acids of the peptone could cmplex with anions 

o r  cations and produce corrosion on aluminum or  aluminum alloy 

surfaces. Likewise, the amino acids of peptone can support microbial 

For 
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growths which could present a b io logica l  burden control  problem. 

I n  addition, the  growth of microorganisms could produce organic 

acids  and amines tha t  could a t tack  aluminum, aluminum a l loys ,  p l a s t i c s  

and possibly stainless s t e e l  surfaces. 

Residual agar l e f t  by rodacing could present two problems. 

first could be due t o  the  dissolved peptone i n  agar  and the  second 

due t o  the agar i t s e l f .  

f o r  bacter ia  and thus present a problem of increased biological  

burden, while t he  peptone could present a corrosion and b io logica l  

burden problems. 

The 

The agar residue could a c t  as a " f l y  t rap" 

The "Tween 80" residue l e f t  by the washing procedure could produce 

a biological  burden control problem and a possible corrosion problem. 

"Tween 80" i s  a sorbi tan monooleate and is  capable of supporting 

microbial growth. 

An unexpected result of t h i s  study w a s  the  f a c t  that  - free chloride - ion 

was not detected i n  t h i s  study after the  rodacing procedure. The 

Try-pticase Soy Agar i n  the Rodac p l a t e  contained 5 gms of NaCl o r  

3.04 gms of chloride ion per l i t e r  of agar medium assuming loo$ 

ionization. 

0.01ml of agar and associated f l u i d  was dr ied on the  assayed surface. 

Therefore, there could have been 0.30 t o  0.03 mg. of C1- present on the 

surface after assay. This l e v e l  is  w e l l  within the s e n s i t i v i t y  range 

It was fur ther  assumed t h a t  approximately 0.1 m l  t o  

-12- 



f o r  chloride ion test conducted i n  t h i s  study. 

postulated t h a t  the  chloride ion might not have been present as a 

f r e e  ion, but  cmplexed t o  same compound. 

complexing compounds could be the peptone i n  t h e  medium or  other  by- 

products present i n  the Try-pticase Soy Agar. 

invest igate  the chemical s t a t e  of the chloride ion f o r  chloride ion is 

a well-known fac to r  i n  producing corrosion. 

It is therefore  

Good candidates f o r  the 

It would be of value t o  

A s  f o r  the  residual  adhesives l e f t  by the l i f t - o f f  tape and double 

surface masking tape, it is f e l t  that they present no insoluble prob- 

lem. The residual  adhesives can be p a r t l y  removed w i t h  ethanol and 

almost e n t i r e l y  w i t h  acetone or  d i e thy l  e ther .  

VI. CONCLUSIONS 

1. 

2. 

3. 

4. 

The Bio-assay procedures examined leave chemical res iduals  on 

the  surfaces assayed. 

Peptone i s  considered the residual  t h a t  could most ser iously 

hamper control  of biological  burden. 

Residual "Tween 80" is  considered a lesser problem than residual  

peptone from a burden cont ro l  viewpoint. 

Residual peptone and "Tween 80", when acted upon by microorganisms 

could be fac tors  involved i n  corrosion production. 
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V I I .  RECOMMFXDATIONS 

1. Modify or develop bio-assay procedures so t h a t  chemical residues, 

which could present biological  burden control  and/or corrosion 

problems are not l e R  on surfaces after assays. 

2. Invest igate  the chemical state of the  chloride ion deposited on 

surfaces during the  rodac p l a t e  assay, due t o  i t s  po ten t i a l  ro l e  

i n  corrosion production. 
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